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ABSTRACT 


Arthrogryposis is an inherited abnormality which causes 
crippling of the limbs in new born calves and is sometimes 
associated with a cleft palate. The mode of inheritance of the 
defect is due to an autosomal recessive gene showing incomplete 
penetrance. Research from Charolais herds in France indicate 
the gene to be at a high and stationary frequency. The thesis 
deals with the genetics of the abnormality and views it from 
an evolutionary stand point. At the University of Alberta Beef 
Breeding Station, 20 proven carrier dams and) 26 crippled calves 
have been observed. Two genetic studies are reported one of 
which involves the 20 carrier dams and the other involving both 
suspected and proven carrier males and females. The studies 
indicate a recessive form of inheritance and a high degree of 
penetrance of the recessive gene in the populations studied. 
Results from this herd and others in the neighbourhood indicate 
the recessive gene to be distributed in populations by two types 
of carriers namely the heterozygous and homozygous recessive 
carriers. Four probable homozygous recessive sires have been 
identified which themselves show near zero penetrance of the 
gene. All four have been pure Charolais bulls while all defect- 
ive progeny have been Charolais crossbreds. The penetrance of 
the defective gene among Charolais crossbreds seems to be near 
complete and the expressivity of the defect variable. A series 
of selective modifier genes may be responsible for the supres- 


sion of the defect in pure Charolais herds which could be the 
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reason why homozygous sires survive. However, when the result- 
ing progeny are crossbred the defect is expressed more complete- 
ly due to the absence of these modifier genes. 

The fertility and longevity of the 20 proven carrier dams 
were compared with a control population of the same origin and 
genetic background over an 11] year period. Fertility was esti- 
mated by the number of missed calving opportunities a dam had 
throughout her breeding life and longevity estimated by the 
number of dams culled in the two populations during the experi- 
mental period. Both fertility and longevity were superior in 
the carmen herd. compared to the control, (P<0.01). The Char- 
Oolais breed has evolved two mechanisms by which they can over- 
come the inherent survival problem that some calves have and 
help keep the recessive gene at a relatively high frequency, 
by carrier dams showing a selective advantage due to the better 
reproductive fitness they possess and by complete suppression 
of the defect among homozygous recessive sires due to the sel- 
ection of favourable modifier genes. Some practical applications 
of arthrogryposis and methods by which one could utilize some 


Of its good effects? are’ also discussed in the “thesis. 
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1. GENERAL INTRODUCTION 


Many inherited abnormalities which have economic import- 
ance have been observed in cattle. These abnormalities may 
cause malformations or death during early or late embryonic 
development, at birth or their expression may be delayed and 
detected subsequently in the adult animal. 

Abnormalities at birth may be either genetic or envir- 
Onmental. An environmental basis is indicated almost always 
when, the defect occurs in relation to a particular environ- 
ment and when it could be corrected by providing the required 
conditions. “Also g if “the defect occurs following a period of 
stress and corrects itself naturally when the stress period 
is over, an environmental basis is implicated. On the other 
hand a genetic basis is indicated when, (a) the defect occurs 
independent of environment, (b) is confined to one breeding 
group or family, (c) when inbreeding tends to increase the 
chances of the defect being brought out, or (d) when research 
on similar conditions with large numbers of animals have indi- 
cated a genetic basis. 

Genetic abnormalities arise most often due to mutations 
which could take various forms, such as point or gene muta- 
tions, chromosomal aberrations, translocations or inversions. 
These abnormal conditions may be inherited as autosomal or sex 
linked dominants or recessives involving one or more gene loci. 

AYANnOUnyDOSIs akrectimg nandldlsS cattle Ws reported) to 


be inherited as an autosomal recessive and is often associated 
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with a cleft palate. The disease is becoming more important 
in recent times as the frequency of the recessive gene appears 
to be high in Charolais populations. Furthermore, when the 
defect results in lethality, especially in the calves having 

Qs Cleat te pal atece idauise Of much economic. importance: 

The objectives of this study were to investigate further 
the genetics of the defect, and to find out why such a gene 
persists in populations at a high frequency in spite of its 
cover Ser Cie CLSes -aihenpos si Dies controle on utilization of the 
gene will also be explored. 

The reliability of such a study would depend on the number 
of animals available. Data where carriers are identified, 
matings are planned, breeding records and pedigree analysis 
of deformed calves are possible paying due attention to envir- 
onmental factors if any,can be useful in establishing the mode 
of inheritance and can provide a better understanding of the 
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2.1 Arthrogryposis and related defects in various breeds of cattle 


Arthrogryposis, crippling or restricted limb movement in 
cattle have been reported in breeds such as the Jerseys (Spi- 
élman, et al.,1944), Guernsey (Freeman, 1958), Australian Il1la- 
wara, Ayrshire, Friesian crosses (Whittem, 1957), Friesians 
(Hutt, 1934), and many other breeds. ‘The external manifesta- 
tions of the defect differs very much and in some instances 
both pairs of limbs are affected while at other times only one 
pair of limbs is affected. Sometimes, both muscle and skeletal 
elements are involved. 

Hutt (1934) recognized a lethal condition in Friesian 
cattle which caused extreme rigidity in the limbs and neck due 
to the contracture of the muscles in these areas. The condition 
was put down as being inherited as a simple autosomal recessive, 
where the defect is spread through carrier sires and dams. A 
non-genetic form of a similar defect in Friesian cattle was 
also reported and described by Mead, et al. (1934). Among 
Friesian cattle in New Zealand, crippling associated with 
ankylosis! and thydropicvamnionmis reported by Murray "(1951). 

Blood ©(1956) s*reported the details of thirty five *cases 
Givanthrogrypasis Win *neweborn calves. He reported the clinical 
findings in 35 cases of arthrogryposis and 5 cases of hydranen- 


cephaly* associated with blindness in the new born calves. Blood 


T., Abnormal immobility and consolidation of a joint caused due 
to faulty bone structure or by the destruction of membranes 
Thateline ene O1n ec. 

2. Absence of cerebral hemispheres, their normal site being occu- 
Dale cmb Venta Ueltse 
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(1956) maintained that the two conditions are different mani- 
festations of the same disease. The arthrogrypotic calves 
Showed restrictions in movements mainly in the joints of the 
limbs and of the neck, while the bones remained unaffected. 
The defective calves had a lower bulk of muscle in the affected 
areas, the muscle masses were paler in colour and altered in 
consistency. Those calves showing hydranencephaly indicated 
various degrees of brain abnormality and in some instances 

the cerebral hemispheres were reduced to fluid filled sacs. 
The author puts down these histological findings as a state of 
neurogenic muscular atrophy in the affected calves. Blood 
(1956) attributed the cause to be environmental and a genetic 
basisAisyrnuled out: 

Whittem (1957) described 29 cases of arthrogryposis in 
thedacountyhof dGumberland ;aNaS oWrs cAustralitdasrn0f (‘the 29 tcaseés 
23 showed arthrogryposis and 15 calves showed blindness. No 
attempt was made in this study to ascertain breed differences 
and the 29 cases reported consisted of I]llawara Shorthorns, 
Ayrshires, Friesians and Friesian crosses. The clinical find- 
ings were similar to those reported by Blood (1956). Whittem 
(1957) indicated an environmental basis for this group of 
abnormalities and attributed it to causal agents such as infec- 
GioOns Btoxhns cand nutnitional factors. 

Shupe, James, Balls, Binns and Keeler (1967) reported 
investigations of a skeletal congenital malformation, believed 


to be hereditary in origin in Hereford cattle. The abnormal 
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calves showed various degrees of arthrogryposis, kyphosis>, 


torticollis’, scoliosis® and.a-cleft palate., The incidence of 
the defect was one out of four in certain mating combinations. 
Shupe, et al. (1967) suggest that the deformity was due to 

a simple autosomal recessive gene. 

Freeman (1958) reported a case of curved limbs in Guern- 
sey cattle from the Iowa state college herds. The deformity 
involved both muscle and skeletal growth and the rear limbs 
showed gross deformity. Freeman (1958) suggests the defect 
to be inherited as a simple autosomal recessive but that the 
data were inadequate to exclude a more complicated hypothesis. 
Longer gestation periods are reported in the carrier dams. 

A type of hereditary congenital flexed pasterns was report- 
ed in an inbred herd of Jersey cattle, Mead, Gregory and Regan 
(1943). The defect_is characterized by deformities in the fore 
and sometimes in the hind limbs, but never in the hind Limbs 
alone. The abnormality is expressed in various degrees and in 
some instances as the calf gets older the flexion becomes less 
and less until the limbs become normal. Mead, et al. (1943) 
suggest a genetic and a non genetic mode of inheritance for the 
same defect, both types having similar phenotypic manifestations. 
The genetic form is inferred to be due to an autosomal recessive 
gene by the same authors. 

Spielman, Hill and McGullock (1944) report on 69 cases 


of muscular contracture among Jersey herds in California. They 


3. Abnormally increased convexity in the curvature of the thoracic 
spine - "hunchback". 


A necOMmenactedastatomo, «tne scervical muscles producing tortion 
Of the neck = “wryneck". 


5. Lateral curvature of the vertebral column. 
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stated that although considerable variation occurs in the 
appearance of these abnormalities both lethal and sub lethal, 
the gross manifestations seem to be various degrees of muscular 
contracture and ankylosis, and in most cases the fore limbs 
seemed to be the first to be affected. Fairly close inbreeding 
also brought out the defect more frequently. Spielman and Hill 
and McGullock (1944) withhold their final judgement on the 

mode of inheritance as some of the dams had an unfavourable 
pre-natal environment. 

A deficiency of manganese was reported to have caused an 
arthrogrypotic condition and a bent spine ‘torticollis‘ among 
calves in the United States, Dyer and Rogas (1965). Manganese 
is known to be involved in cartilage and bone formation, growth 
and function of the nervous tissue, Dyer and Rogas (1965). A 
relationship between low levels of manganese and the incidence 
of the disease in gestating cows is also reported by the same 
authors suggesting the defect to be due to an environmental 
cause. A form of arthrogryposis with histologic changes invol- 
ving the nervous and muscular tissue have been reported in many 
breeds of cattle, by many workers (Blood, 1956; Whittem, 1957; 
Herzog and Adam, 1968; Nes, 1953). However, a similar condition 
without these associated defects has also been reported. Arthro- 
gryposis associated with torticollis, scoliosis and kyphosis was 
reported in Hereford cattle by Shupe, et al. (1967), and in other 
breeds by Dyer and Rogas (1965), King (1965) and Mead, et al. 


(1943). Arthrogryposis and its association with other conditions 
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has also been reported: ankylosis and hydropic amnion’ (Murray, 
1959), Penencenna among Ayrshires, Shorthorns, Friesians 
and Friesian crosses (Whittem, 1957). The general defect occurs 
in association with spinal bifida® and segmental aplasia as 
reported by Nes (1953), Whittem (1957), and Blood (1956). 
The absence of the ventral horn cells of the spinal cord on 
histologic examination was also shown by both Blood (1956), 
and Whittem (1957). Furthermore, crippling of the limbs assoc- 
iated with a cleft palate is reported in Jersey cattle (Spiel- 
Maneand Hil. 1O440ee in Hererords (shtupe., et al... 1967), and 
among Charolais cattle (Lauvergne and Blin, 1967; Liepold, et 
Hh elec yh 

In scientific literature arthrogryposis and similar condi- 
tions have been referred to by many names such as neuromyody- 
splasia congenita (Herzog and Adam, 1968), amyoplasia myody- 
Stropia foetalis, and the common name 'the crooked calf disease' 
(Blood, 1956). 

In general therefore, arthrogryposis occurs in many breeds 
of cattle the cause in some instances being genetic, while at 
OtNner times 10 1s Environmental. The defect occurs associated 
with other conditions which could be detected as gross abnor- 
malities such as a cleft palate, or others which involve changes 
In, skeletal, muscular and nervous tissue which can be detected 
by a histological examination. The external manifestations of 


the defect however seem to vary from breed to breed. 


6. A defect of the vertebral column due to the imperfect union 
of the paired vertebral arches at the mid line. 


7. Amnion affected with dropsy. 
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2.2 wrtheoornyposis: in. Charo] ais, cattle 


eee.) Description of: the abnormality 


A form of arthrogryposis affecting the limbs of Charolais 
calves has been reported (Lauvergne and Blin, 1967; Liepold, 
Cleats) 2O9 igh dno Little, 19/1). the defect 1s often 
associated with a cleft palate which is prominently large 
(Lauvergne and Blin, 1967; Liepold, et al., 1969). The affect- 
ed calves are born dead or alive and there is no apparent rela- 
tionship between the severity of the defect and whether or not 
the calves are born dead or alive (Liepold, et al., 1969). 

Liepold, et al. (1969, 1970) subjected affected calves 
to clinical as well as a necroscopic examination to observe and 
report on the gross abnormalities as well as the histologic 
changes that could be detected microscopically, the latter exam- 
ination being done on the muscles, nervous system including the 
brain and spinal cord, the bones and joints, endocrine glands 
and the myocardium. Twelve crippled calves were studied of 
which ten were females and two were males. The authors report- 
ed that the pedigrees of the twelve calves indicated 50% or 
more Charolais breeding. The gross abnormalities included vari- 
ous degrees of the defect, eight out of the twelve showing the 
involvement of all four limbs together with a cleft palate. Of 
the animals examined one calf had all four limbs affected with- 
out a cleft palate while three showed involvement of the fore 
limbs only, without a cleft palate (Liepold, et al., 1969). In 


the calves affected, the fore limbs showed flexion at the carpel 
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and fetlocki joints while the hind limbs showed either flexion 

or over-extension at the hock and fetlock joints. The degree 

of flexion and/or over extension of the limbs varied between 

the calves examined and some calves showed normal hind limbs 
void of abnormalities but passive extension of the hock joint 
was not possible. The fetlock 5 ONAN s of the hind limb showed 
more mobility than the other joints in the fore and hind limbs 
and in almost every case where the hind limbs were affected, 
they could be flexed and extended without too much difficulty. 
The same authors reported that some arthrogrypotic calves show- 
ed a considerably smaller knee cap and an abnormally shaped 
cannon bone. All in all, the affected calves showed more prom- 
inent limb joints due to the marked reduction in the muscles. 
The deformed calves, especially those with a cleft palate if 
unassisted do not survive for more than a few days and a major- 
ity of them die due to secondary respiratory conditions such as 
pneumonia. The defective calves show a normal eye and with- 
drawal reflex while the patellar reflex, extensor thrust and 
cutaneous trunci reflexes were usually absent. However, sensory 
perception was reported as being present in a majority of defec- 


tive calves. 


Abnormalities in muscles 

Eiiepoldy etealerd(1 969581970) *reportedethatemusclée masses 
in the affected areas were reduced in size and lacking in tone. 
Inethéoforeslimbothe “supraspinatus, infraspinatus,; and the’biceps 


brachii were reduced and paler in colour while in the hind limb 
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the gastrocnemius was often affected. The authors state that 
the degree of severity varied between muscles some being more 
affected than others. Gross lesions showed haemorragic spots 
throughout the affected muscles, a paler colour and such muscles 
floated in water. 

On microscopic examination the same authors report that 
the muscle fibres in each bundle were reduced in diameter 
throughout the sarcolemma while the nuclei and cross striations 
NWeresnOundbh, sLiepold,ret ale 9(1970))salso report that the 
Spaces in the muscle bundles were replaced by adipose tissue 
and that muscle regeneration was absent in the areas examined. 
Furthermore, when the defective muscle masses were severed limb 


movement was possible. 


Lesions in the nervous tissue 

Véepold, Feeta ka e( 19699 1970) “report "that “tis sires'*6 f 
the nervous system showed abnormal lesions along with those 
of the muscles and the lungs. The authors reported that 
the most striking defect occurred in the cervical region of 
tyre spinal “cord. The central canal was dilated to several 
times its normal diameter and posterior to the dilated seg- 
ments the central canal showed extreme narrowness. A second 
form of abnormality referred to as syringomyelia was found, in 
the region of the cord, where cavitations occurred in the grey 
fatter ‘adjacent to the central *canal.” Blunt short “ventral 
grey horns were observed during the examination in the affected 


cervical segments and the grey matter extended in the segments 
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where the central canal was dilated, while the grey matter was 
reduced and extremely thin, around the segments where the cen- 
tralbcanal*was reduced. In general, lesions in the spinal« cord, 
degenerative changes in the nervous tissue, gliosis°and neuron- 


al atrophy was observed in the deformed calves. 


Pnheritance of arthrogryposis 


The probable mode of inheritance of arthrogryposis in 
Charolais cattle has been investigated by Lauvergne and Blin 
(96vi (196b)0% andibysitepold, et ale (1969) (1970) - 

bauvyergne and Blin (1967) attributed the defect to the 
action of a dominant gene showing incomplete penetrance. Lau- 
yergne and Blin (1968) attribute the cause of arthrogryposis 
associated with a cleft palate to an autosomal recessive gene 
showing incomplete penetrance. They said the gene was common 
tn Charolais populations and abnormal subjects may be born even 
when cross breeding is practiced. Another reason to favour a 
recessive mode of inheritance was that two recognized carrier 
Pibblssiatetines Artificial Insemination Centre, Alliem, France 
did not produce a single defective calf when bred to 23,000 
non Charolais females, Lauvergne and Blin (1968). 

Piepold,=et ‘dime (lO/0)m attributed the defect. toa reces- 
sive gene having evolved due to a mutation in Charolais cattle. 
They report the arthrogryposis gene to be fairly stationary at 
a low frequency in Charolais cattle in Canada. Lauvergne (1972- 
73) estimates a gene frequency of 0.2 to be fairly stationary 


in French Charolais herds. He estimated the penetrance of the 


Beeincrease in the number of Glial celds. 
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gene in homozygotes to range from 0.14 among males to 0.1 among 
females. He reported that the transmitters of the defect can- 
not be distinguished from the exterior and that these carriers 
especially the dams appear to show some form of hybrid vigour 

in characters associated with reproduction. Eradication of the 
gene from Charolais herds was not recommended, Lauvergne (1972- 
73) but with an adequate female population having a high enough 
genetic frequency it was considered possible to discover clean 


bulls which did not carry the defective gene. 


Conclusion 
In-concluston the literature on arthrogryposis in Charolais 
cattle indicate the defect to be caused by the action of an auto- 


somal recessive gene showing incomplete penetrance, which appears 


to be at a high and stationary frequency in Charolais populations. 


The defect is expressed in various degrees of severity with one 
or both pairs of limbs being affected and sometimes associated 
with an incompletely developed palate. The condition is also 

characterized by lesions of the muscular and nervous tissue. The 


defect appears to be a nerve induced form of muscular atrophy. 
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3. EXPERIMENTAL STUDY OF ARTHROGRYPOSIS 
INVCHAROLATS CATTLE 


weal oOurce Of data 
The data used in this thesis come from the Beef Cattle 
Research Ranch at Kinsella, Alberta maintained by the University 
OF Alberta, To dates in this herd. 26 calves showing arthro- 


gryposis have been born to 20 dams, between 1966 and 1973. 


Sc eePehimenhtal herd IS tary 


A population referred to as the ‘cripple herd' consisting 
of both proven and suspected carriers is being maintained on the 
Research Ranch. The cripple population originated from a hybrid 
line which was established in 1961, by combining three main 
breeds namely, Angus, Charolais and Galloway, (Berg, 1973). 
After initial mixing of the three foundation breeds and by A.1. 
sampling with Charolais bulls, the population has evolved to 
combain a proportion of S32 Angus, 36% Charolais and 232 Galloway 
in 1972. Table 1 gives the breed percentages in the hybrid line 
from 1962 to 1972 at four year intervals. The breeding practice 
in the hybrid line has been to maintain it as a closed herd 
during the last number of years. 

The cripple population was derived from the hybrid line; 
as soon as a dam gave birth to a crippled calf she was removed 
from the hybrid line and maintained in the cripple population. 
During the latter years a number of suspects, usually sons and 
daughters of carrier sires or dams were added to the cripple 


herd. The cripple herd is maintained as a separate line and the 
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Table 1: Average breed percentages of hybrid calves 
born at Kinsella from 1962-1972 
Source (Berg, 1973) 


Breed 1962 1966 1970 1972 
Angus 41.4 41.6 3756 3320 
Charolais 16 a6 29.8 558) 3663 
Galloway 40.3 2 bere 2063 Zoe 
Brown Swiss - 0.6 Aah om 
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breeding practice is to mate suspected and known carriers. in 

a series of planned matings in order to establish the mode of 
Inlet Lanes of arthrogryposias. Jus, thesandivaduaus jn. the 
cripple herd that were derived from the hybrid line would be 
different, in, that they either have given birth to a. defective 
Calm Wreare, Strong suspects, of beind. carriers, of arthnogry poss 
but, the two lines the cripple and the nybrid have the same 


origin and genetic background. 


General management 


On the ranch all dams are usually exposed to breeding on 
pasture during the summer (July and August) so that they calve 
during spring (April and May) the following year. The dams are 
wintered in groups, the mature cows separate from the one and 
two year olds. During winter heifers and cows are fed a minimum 
maintainance ration of grain, straw and hay. Cows normally lose 
20 to 60 Ibs. on an average from December to March, while heifers 
are wintered to gain 20 to 40 pounds. Winter feeding begins in 
December and goes through to March. Calving begins in April and 
supplementary feeding is done during calving if and when necess- 
ary. Two year old heifers are calved in a feed lot to control 
any calving problems while the mature cows are calved in the 
open range. After calving the heifers are put on pasture and 
grain supplementation continued at the winter rate for flushing 


until the next breeding season, (Berg, 1973). 
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3.4 Eritroduct ron -of ‘the "defecttve gene into the Kinsella herds 


By examining the pedigrees of the crippled calves and their 
immediate ancestors, it became very evident that the gene was 
introduced by way of pure Charolais bulls that have been used 
extensively in the hybrid line during the early years. Six 
such bulls have been recognized which have passed on the defec- 
tive gene to their offspring resulting in crippled calves, in 
some instances after several generations. The bulls A, B and C 
are the older Charolais bulls which have introduced the arthro- 
gryposis gene while 67146, 67179 and 69115 are three recognized 


carriers identified from within the herd. 


Key to pedigrees: 
The following key should be observed when looking at the 
pedigrees. 
(1) The number or letter denoting the name of the sire appears 
frresty at the 8cop Vert rnand corner: 
(2) All proven carrier males and strong suspects are underlined. 
(3) A (*) indicates that this dam when mated to the above sire 
gave birth to a»crippled calf. 
(4) ------- indicates the probable carrier sire being far back 
in the pedigree. 
(5) Alphabetic letters in ( ) denotes breed or approximate 
breeding of sire or dam, 
GA---Galloway HE---Hereford 
AN---Angus 
CH---Charolais 
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Ino these breeding records an attempt 1s made to identity the 
way in which the defective gene was introduced into the herd. 
Hence, pedigrees may be incomplete and the pedigrees of the 
carrier sires themselves are not shown. The immediate ancest- 


Ons sO? 21 crippled calves are shown. 


Peale aire sA vend his crippled progeny 


Reyerring to Chert A, sire A has been responsible for the 
birth of four crippled calves three of which were obtained when 
it was bred to his own daughters. Thus these three dams 66107, 
66135 and 66224 in all probability received the defective gene 
fromesire A. lf sire A was heterozyqcus, there Ts only a 507 
chance of its daughters being carriers and if he was homozygous 
Recessive all 1fs offspring would be carriers. ~Dam 61907 ainealt 
probability received the defective gene from sire B which was 
her sire. This set of pedigrees indicate the defective gene to 
be brought in through one purebred Charolais sire and the other 


carrying 87.5% Charolais breeding. 


paereeo1 re o/ 146 and hise®cripp ede predeny 


Sire 67146 has been responsible for two crippled births and 
the pedigrees (Chart B) indicate the introduction of the defect- 
ive gene to be through sire B and/or sire C which have been the 
Geancesares Of dameo4l2ec andptness ire On CeleO| 97a Se ped 1 
gree also indicates the probable introduction ot the recessive 
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Chart A 


Pedigrees Of -oire Acand his crippled progeny 


Sire A 
(CH) 

SirevsB 
(CH) 

*61907 
: Ec 52904 
(SO 7GANSECOUCH. 7% HE) (AN) 
Sire A 
(CH) 
*66107——___ gna 
(50% CH, 507, GA) (GA) 
Sire A 
ee ee, 
*66135 61081 
(50% CH. 50% GA) (GA) 


Sire A 
ee ee 


(502 Chi) 502 Ey) (GA) 
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Chart B 


Pedigrees. Of one 07 146 and ingscrippiled progeny 


60709 
(CH) 

64129 
59954 


502 AN 5.50% :CH)) (AN) 


Sire 
(SOCAN, 46% CH. 20 ne) cH 
61911 
; d F 50903 
(50% AN, 41% CH, 8% HE) (AN) 
Saes. 1 
*61912 (oH 
i ; , 54903 
(50% AN, 41% CH, 8% HE) (AN) 
Sire G 
(CH) 
62123 
59959 
(50% AN, 50% CH) (AN) 
*64122 
y % CH, 4% HE sire 8 
(50% AN, 45% C % HE) Seas i 
(50% AN, 40% CH, 8% HE) 50901 
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~w4.0 o1rerorLAgeandahis crippled progeny 


This sire has been used quite extensively for breeding in 
the cripple herd and has been responsible for 7 crippled calves. 
REFer Ging tomdams 619.10); 61912, 62100 and the sire himself, the 
recessive gene was most probably introduced through sire B and/ 
Or sire C which appear in Various positions in the pedigrees. 
Dam 66135 would have in all probability received the gene from 
Sire A who was her sire and is a confirmed carrier of the re- 
cessive gene. However, with the other three dams the case does 
not seem to be so clear as the sires that have directly been 
involved in the introduction of the defective gene have not 
been in their pedigrees. It seems probable that the gene was 
introduced by sire 64134 which is common to all three dams. 
sire 64134 had as one of tS ancestors sire B which has been 


recognized as a carrier of the recessive gene. 


Pea aso 1.renkooiis end his crippled progeny 


This sire has been responsible for 8 crippled calves and 
has been identified as a carrier. Looking at the pedigrees of 
the dams, both sires B and C have been used for breeding in the 
earlier generations and the defective gene may have been intro- 
duced through these two sires as well as another proven carrier 
sire 67146 which occurs in some of the pedigrees. 

rt the wode of inneratance Di arch rogryposis 1S. Of ean au to— 
Somal recessive type, if a crippled calf is obtained both parents 
must be carriers. Hence, the recessive gene would be introduced 
separately from the sires side as well as from the dams side. 


In other words, both parents would contribute equally in order 
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Chart C 


Pedigrees of Sire 6/7179 and his crippled progeny 
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Chart D 


Pedigrees of Sire 69115 and his crippled progeny 
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Chart D Cont'd. 
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Chapeau econ UAC. 
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All sires underlined have been referred to in Charts A,B&C. 
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to produce a crippled calf and the gene must be independently 
present in the parents. These pedigrees demonstrate the intro- 
duction of the defective gene into the population through cross- 
breeding to Charolais, and are compatible with a theory of homo- 


zygous recessive inheritance. 


Differences between sexes 


There appears to be no differences in the frequency of the 
defect between sexes as both males and females are affected. 
In this study, of the 26 crippled calves, 10 defective males 
and 14 defective females were observed. The sex of two crippled 
calves was not determined. No statistical analysis was carried 


Out 


3.6 Differences between years 


The defective calves in the herd started appearing in 1966 
and there seem to be no association between the incidence of the 
disease and a particular year. Hence an environmental basis due 
to adverse conditions does not seem probable. Furthermore, all 
dams in the population were Charolais crosses from the same 
origin. Other breeding populations in the same herd had no 


defective calves. 


3.7 Inbreeding effects 


One other factor which favours a genetic cause is when in- 
breeding results in defective progeny. Sire A was plan mated 
on three occasions to his daughters in one breeding year and all 


three times the cross resulted in a defective calf. 
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3.6 Genetichanalysistot arthrogryposis 


3.8.1 Materials and methods 

Two approaches were made to study the genetics of arthro- 
Gryposts sin they first, all-calves from the 20 provenscarrier 
dams born between 1961 and 1973 were used. The number of nor- 
mal and defective calves, the number of matings between proven 
carrier males and females, and the total number of matings 
which included the proven carrier matings, suspected carrier 
matings and others were recorded during the experimental period. 
A proven carrier mating would be one where both sire and dam 
have been identified positively as carriers of the defective 
gene. 

The second approach was to assess the frequency of defect- 
ive calves born from a segregated herd of cripple carriers and 
sispectsfor the four calving seasons from 1970-1973 “inclusive. 
Prego 9—-70 “a herd "consisting of both proven and suspects 
(usually sons and daughters of carriers) were drawn from the 
hybrid line and plan mated to carrier and suspected and carrier 
Sires. This procedure was followed during the subsequent cal- 
ving years and the data accumulated over a four year period 
are presented. 

The sires and dams used in the study were weighted accord- 
ingato tthe probabiiaty Of each individual transmitting the =de- 
HecGive: Genestoerts ofr Spring.  NccOrdimg ly. a 10mezyuous "car 
rier was assigned a probability rating of 1.0, a heterozygous 
carrier 0 25. “a suspected Gaul Vofrspring for ‘a proven carrier) 


Ge2bowa suspected carrier which had as 10S grand =sire or grana 
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dam a proven carrier 0.125 and a suspected carrier having a 
Suspected carrier as its Grand sire or grand dan was raved 
0.0625. During the experimental period of four calving seasons 


131] calvings were recorded. 


Results 

Table 2 shows the number of defective and normal calves 
born in the herd by year and by sex. 

fabless. shows, the kind or type of mating that took place 
during the experimental period in the first study. A total of 
VO4" successful matings (matings which resulted in a calf being 
born) took place of which 50 were by proven carrier by carrier 
matings and 54 were by suspected and other sires. Of the 50 
carrier by carrier matings 26 crippled calves were born. These 
Results widaicate that 527, 0f the known carrier by Cari nen mat— 
ings produced defectives while 25% of the total number of mat- 
ings resulted in defective offspring. 

The details of calculation for the second study are shown 
in Appendix Table 1. The probability of each sire and dam 
transmitting the defective gene to its offspring together with 
the number identifying each sire and dam is shown by year. For 
the analysis the probabilities of each mating resulting in a 
defective calf were summed by sex and the mean probability cal- 
culated. The expected percentage of defectives from a cross 
of this type, assuming a recessive type of inheritance was then 


compared with the actual number of defective calves obtained in 


the population throughout the experimental period by a Chi-square 
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FABLE 22. Numbers cof normalland crippled tcalves aby sex 
and by year from the crippled herd 


Normal Abnormal] Abnormal Abnormal Unde ter-= 
Year calves calves males females mined 
1963 3 - - - - 
1964 4 - ~ - - 
1965 3 - = e 2 
1966 3 ] - ] - 
1967 5 - - = ~ 
1968 12 - - = ~ 
1969 7 6 3 3 - 
1970 Is 4 ] 2 ] 
1971 9 | i, 3 4 - 
No 72 He 2 ] ] - 
1973 10 6 2 3 ] 


Totals 78 26 10 14 2 


eS oe 
o> 2 a ye: fe 
: 7 7 - > = - - : i : 

an 7 : - ite 7 .? a 


Lyset 


TABLE 3. Percent cripple calves born by two types of mating 
combinations from proven carrier dams 


No. of NOky OF % Cripples % Cripples 
proven car- 1OtalIe Nos > crippd ed on proven on all 
rier matings matings calves carriers matings 


50 104 26 5720 Paes 8) 
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analysis using F tsive rts exact metho defor t2 6.2 fab lies: 


Discussion 

As indicated in Table 3, the deviation of the observed 
from the expected in Proven carrier matings is high. A 52% 
value for defectives is observed while the expected value would 
be 25%, with complete penetrance of the gene in the recessives. 
Lauvergne (1972-73) indicated the penetrance of the defect-— 
ive gene in Charolais populations to be 0.14 among males and 
0.1 among females. 

There are some possible reasons why such a deviation may 
occur. Firstly, the sample size may be inadequate as on an 
average only two matings with proven carrier sires per proven 
Carrier dam have been recorded. Thus the estimate of 52% de- 
fective may be biassed as the carrier dams have not been given 
enough opportunities to produce normal Of TSP Yl gs asiiWe ll wees = 
ley (1965) reported that assuming complete penetrance of a 
recessive gene, to test a male for heterozygosity on carrier 
dams at least 11 matings are required at P <0.05 and 16 matings 
per sive at P-<070). “Secondly there is a possibility that some 
of the carriers especially the sires are homozygous recessive 
for the character in question although they do not manifest 
the symptoms of arthrogryposis. 

Since the estimate of 52% defectives is biassed it would 
be more accurate to take into account all mating combinations 
and see what proportion of these resulted in defective calves. 


On a total of 104 matings 26 crippled calves were born indicat- 
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ing that 25% of the offspring were defective. This figure is 
still probably biassed upward because of using only proven 
Carrier dams a0. thewstudy. 

As most of the dams in which the defective gene has not 
been detected are either daughters of carriers or dams selected 
according to pedigree and are suspected of carrying the reces- 
Sive gene, including them in an over all study would be more 
meaningful and hence the second study was designed and under- 
taken. AS this analysis took inte aecount ~a.larger population 
of both suspected and proven males and females it should provide 
more information of the method of gene inheritance and the pene- 
trance oT cine: archrogryposis, gene sine the population. 

The results indicate the mean probability for sires in the 
population over 131 successful matings to be 0.3807 reflecting 
that the population consisted of sires that were proven as well 
as suspects in almost equal proportions. The mean probability 
for dams Was 0.3115 reflecting a higher proportion of suspect 
dams than proven carriers in the population. 

In-a trait) thateis inherited asean -autosomalmreces sive, 
assuming complete penetrance of the gene in the homozygote, a 
carrier by carrier mating would result in 25% of the individuals 
being born defective. Similarly, in the experimental situation, 
assuming a recessive form of inheritance 11.85% defectives 
could be expected if the males and females had probabilities of 
0.3807 and 0.3115 respectively. However during the experimental 


period of four years 19 defective calves were obtained from 13] 
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successful matings (Table 2) or 14.5% were defective. Ona 
Chi-square analysis using the observed and expected values, no 
Significance was found suggesting that the observed fits the 
expected or that the two samples were drawn from the same pop- 
Ulat pone 

ihe study osugqgests thal arthrogrypos iss contorns to a. re- 
cessively inherited type of abnormality and that the penetrance 
of the gene is high and near complete in the experimental pop- 
UUecUOn wit alsonconrirms —thatetne TreqvencVyeot MCiarr eis 91S 


high in this herd. 
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Evidence from these analyses tend to agree with the work 
done by Lauvergne, (1969) indicating that arthrogryposis is gen- 
etic and caused by the action of an autosomal recessive gene. 
However the gene seems to show a high degree of penetrance in 
the present data unlike the situation reported by Lauvergne 


where penetrance was very low. 
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4. AN EVOLUTIONARY HYPOTHESIS FOR THE PERSISTENCE 
OF ARTHROGRYPOSIS IN CHAROLAIS CATTLE 


4.1 Reasons why deleterious genes persist in populations 


The recessive gene responsible for arthrogryposis seems 
to persist ini Char ol ais popu lations ata high frequency: sin 
spite of its adverse effects. The disease has been recognized 
as being stationary and common in Charolais populations (Lauv- 
ergne, 1972-73). There are several reasons why a deleterious 
gene might persist in a population, especially at an above 
normal frequency. Recurrent mutation would tend to keep the 
gene present at a low equilibrium frequency through successive 
generations. Secondly, some form of assortative mating or 
frequency dependent selection could allow the arthrogryposis 
Gene toepersist tn populations. thininrd ly 7 «i temay apersistadue 
to a selective advantage that the heterozygotes possess with 
respect to some important fitness character. Lauvergne (1972- 
73) indicated that the arthrogryposis gene may have a selective 
advantage if hybrid vigour related to reproduction is involved. 

The object of this investigation was to examine whether 
heterozygous dams do have a selective advantage with respect 
to characters associated with reproductive performance over a 
control stock of the same genetic background. If this be the 
case (it would explain why an» abnormal» recessive’ gene; persists 
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4.2 Experimental evidence 


4.2.1 Materials and methods 

Fertility and longevity were compared in the population 
Of ConTirmed arthrogryposis carrier dams and a control stock 
of hybrid dams of a similar genetic background. The arthro- 
gryposis carrier or cripple herd was derived from this hybrid 
herd used as the control. 

As mentioned previously, 20 confirmed carrier dams have 
been identified which range in Charolais breeding from 10 to 
/5%. the data were collected from 19617 to 1971 on these 20 
dams as well as the control population. All management prac- 
tices in the two populations were similar, (Berg, 1973). 

The control herd consisted of 401 dams which were in the 
same age groups as the dams in the cripple population. Al] 
dams that were in the herd during the whole or part of the 
experimental period were included. Hence, the dams that were 
culled for various reasons during the early, middle or late 
years as well as those still existing in the two populations 
were evaluated. The reason for including the culls and the dams 
still productive in the herd was to get an unbiassed estimate 
Of the two characters under study. If only those dams that 
were productive up to 1971 were evaluated and the culls left 
out, this would have to be considered a sample in which selec- 
tion had been practiced and true values of fertility and long- 
evity would not have been reflected. There was however a cert- 


ain amount of selection. practiced.in the chybrideoherd*tduringethe 
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latter years in that a dam was allowed only two missed calving 
opportunities” throughout its breeding lifes’ USing this’ basis 
the dams were culled unless there was a valid reason for keep- 
ing a dam that missed two calving opportunities. In other words 
there Was’ selection for™better reproductive performances being 
practiced within the herd during the latter years. 

For comparing longevity in the two populations, it was 
defined as the number of years a dam had successfully produced 
a calf allowing a maximum of one missed opportunity, and up to 
tne time Tt missed 1S ‘second ‘cali .=* PorVexampie. it “a dain mass 
ed Tts Tirst and Sixth calt* its’ breeding 41fe would be Tive years, 
up to the time it missed its second calf. The reason for follow- 
ing this procedure was to make a comparable assessment of long- 
evity as the cripple herd had never more than one missed calving 
opportunity, while some cows in the control herd had up to three 
missed calves. In the estimation of fertility however, each 
dam's entire life history was considered irrespective of how many 
missed opportunities she had. The dams were bred as yearlings 
in the summer so that they calved during spring the following 
year. One breeding year was taken to be from July - August of 
one year to July - August of the following year. Records were 
kept on animals from the time they were past one year of age 


which corresponded to their first breeding exposure. 


Measure of fertility 


Fertility was estimated in the two populations by measuring 


the number of missed opportunities of each dam over the 11 breed- 
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ing years, over the number of dams eligible to be bred during 
each breeding year. The number eligible during each breeding 
year consisted of those dams that were old enough to be bred. 
For example, 401 dams in the contro] population were eligible 
LOMUGEDReCs OT sto. DrOdinNCe Thiena ff UGste.Caldicn Widen Ones dais 
WEE, Cla Gui len TO. producer: their second scalst. or bred for; the 
second time. This means that 67 dams were too young to pro- 
ducesa second calf. or. toy.be bred 4 second. tine, as, they would 
be the dams born in 1971. Hence each year one group of dams 
born in the latter years would be eliminated as the two herds 
CONSISteU OT dams spoOrn Troms i9o) tor 1o7ie 

A successful mating was a union where a calf was born irr- 
espective of the condition of the calf and whether or not it 


Survived. 


Measures of longevity 

Longevity was evaluated in the two populations by comparing 
thew danse culled. for, ale. reasons. Cadel. wud. Ss... and. the dams. cule 
ed due to reproductive reasons, over the total number of dams 
in the two herds during the experimental period. The dams 
culled due to reproductive reasons included those that missed 
calving on two separate occasions while dams culled for all 
reasons. inoluded <inazadditaon those, cued forage andi sease. 
TWhOSeniamss lost) o~ unaccounted for were not considered in the 
evaluation of either fertility orJongevity.. A higher propor- 
tion culled would mean that there were less dams available for 


breeding, a short breeding. life per dam and Jower longevity. 
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Probabilities were calculated using a Chi-square analysis 
appiying Pisher Ss exact. method tor 2 x 2 tables.) For Tertliity, 
a pooled estimate of the number of missed opportunities on the 
total] number of eligible matings during the entire period was 
compared in the two populations. For longevity, a pooled esti- 
mate of the dams culled due to all causes and the dams culled 
due to reproductive causes on the number of dams in the two 
populations during the entire period was compared to establish 


Signi cance. 


Results 

Table 4, shows the total number of dams eligible to be bred 
during the 11 breeding years, the number of missed opportunities 
and the percent misses in the control and cripple populations. 

In the control herd, a total of 261 opportunities were miss- 
ed over 1] breeding years on 2,013 possible matings, while 5 
opportunities were missed on 116 possible matings in the cripple 
herd. 

Table 5a, shows the number and percent dams culled within 
each breeding year on the total eligible during each breeding 
year. Tables 5b and 5c show a break down of the number of dams 
culled by each breeding year and by each dam year in the control 
and cripple herds respectively. 

Tables6a and 6b, show the number of dams within each dam 


year, the number and percent culled due to all causes, and the 


number and percent culled due to reproductive causes, in the 
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TABLE 4: The number of misses and the % misses on the total 
eligible by each breeding year in the control and 
cripple populations 


Control Cripple 
Breeding Total Ipayeeel| 
year eligible Misses % eligible Misses % 
] 401 58 14.46 20 - - 
2 334 82 24.56 18 2 Wat 
3 280 o/ Wei i, ] 5. 69 
4 236 2] 8.90 14 2 14.29 
5 fell 20 9.48 13 - - 
6 164 ud. 674) EZ - - 
7 130 14 LO eT 7, 6 - - 
8 104 7 B73 5 - - 
9 75 i OFS é - = 
10 54 3 She ehe 4 - - 
1] 24 ] 417 3 - - 


Total ZO Z6 1 ie oe, 116 5 4.3] 
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The number and percentage of dams culled on the 
total eligible by breeding year in the 2 herds 


Control 
Total 
eligible # Culls 
401 45 
334 55 
280 44 
236 8 
211 17 
164 13 
130 13 
104 9 
1S) 2 
54 4 
24 ] 


% 


ele 
16.44 
otra 
Std 
8.06 
aS) 
10200 
Be 05 
6.67 
7.41 


Total 
eligible 
20 
18 
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ihe 
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TABLE 5b: The number of dams culled by breeding year and dam 
year in the control herd 


Dams culled/Breeding year 
Dam Year ] : 3 4 5 6 7 8 9 10 11 Total 


1961 ] Z 4 ] 0 6 é 2 0 “ ] 24 


1962 0 4 + 0 6 ] £ 0 3 - a4 
1963 ] re ] 0 0 ] Z 5 Z 14 
1964 2 ] 4 ] § 0 3 2 17 
1265 4 8 ] ] 2 4 ] al 
1966 8 3 2 3 a ] 2] 
1967 5 eto ee 2 ] 26 
1968 3 3 fl 0 17 
1969 ee ala 6 iz 
1970 pre aii es) 27 
197 | 3 3 


Total 45 55 44 So iy desyis 9 5 A ] 214 
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TABLE 5c: The number of the dams culled by breeding year and 
dam year in the cripple herd 


Dams culled/Breeding year 


Dam Year ] 2 & 4 5 6 7 8 9 10 V1 Total 


1961 Se EST ae eg oe 2 - 2 
1962 oe = ee Ce GSR Oe 2 - - 
1963 SOc 2 ER RS PRTG a | - 
1964 a1 seme = 66S G72 - = - 
1965 29. = VF «= 535.52 - 
1966 36 = J/@h = & 1 
1967 Ses te Elen - 
1968 SF = = ee. - 
1969 - = = - 
1970 - = ; 
197] - 


Total - ~ ] - - - - - ~ 2 ~ 3 
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TABLE 6a: The number of dams in the control herd by each dam 
year, number and percent culled due to all reasons and the 
number and percent culled due to reproductive reasons on 


all guils 

Dam No. in Culled - All Causes Culled - Reproductive 
Year Herd No. % No. %o 
196] 24 24 100.00 16 6667 
1962 30 (af (3238 i, Tica. 
1963 2] 14 66.67 8 Sa 
1964 29 17 58.62 16 94.12 
1965 26 2) 80.77 Tey, 80.95 
1966 34 2] 61.76 qe 80.95 
1967 47 26 bea 2 22 84.62 
1968 Z6 17 68.00 10 HB coc 
1969 44 Ze 50.00 a BI, 
1970 54 ag 50-00 2] Ie fits) 
197.1 67 3 4.48 3 100.00 


Total 401 214 oes cH 164 76.64 
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TABLES obee™ The humbervor' dansmin' thee cripple herd by each dam 
year, number and percent culled due to all reasons and the 
number and percent culled due to reproductive reasons 


Dam No. in Culled - All Causes Culled - Reproductive 
Year Herd No. % No. % 
196] 5 2 66.67 - = 
1962 ] ~ - ~ - 
1963 - - ~ - - 
1964 ] - ~ ~ ~ 
1965 ] = - - = 
1966 6 ] 16567 - - 
1967 ] - - - - 
1968 ] - - - = 
1969 Z - - - = 
1970 ] - - - = 
ee 3 - “ < = 


Total] 20 5 157.00 - = 


me. 


6 


> Ai 


control and cripple populations respectively. 

Mhenei were S53237Zidamse cudlieds due to'all’cawses- in the con- 
trol herd while 15.0% were culled in the cripple herd during the 
same period. None of the dams in the cripple herd were culled 
due to reproductive reasons while 76.64% of all those culled 
were due to these reasons in the control herd. 

The probability that the number of missed opportunities 
based on the total number of possible matings in the two herds 
coming from the same population is 0.004. Hence it is concluded 
that thegtwotherds®différssiqnificantly' in fertility, the*erippre 
herd having less missed opportunities than the control herd, 
RPIG0:. O)) 3 

The probability of the number of dams culled due to all 
causes based on the number of dams in each herd during the trial 
being drawn from the same population is 0.001. This would indi- 
cate that, significantly more dams were culled in the control 
heed, BGP <a0 v0.11) 2.eThusstherdams “inthe ®eripple vyhéerd “had "longer 
breeding lives as they remained in the herd longer than those 
th tthe rcomt rok iherdi® * Thewanalysiis altso “indicated that signi ti- 
cantly less dams were culled due to reproductive reasons in the 
cripple population when compared to the control population, 


Rie 01.50 1s)°. 


Discussion 


Promethis Stuay it 1S clear that erthrogryposts carrier 
dams show a more successful and longer breeding life when com- 


PonedmbOrd CONtrO! Of a Simijer genetic Dackground.. ihe carrier 
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dams therefore would more likely, produce a calf each year with- 
out many missed opportunities and be productive in herds for 
longer periods of time. For instance, none of the arthrogry- 
posis carrier dams had more than one missed calf which demon- 
strates their better reproductive performance. During the ex- 
perimental period as seen from Table 4a, 12.97% missed breed- 
ing opportunities were observed in the control herd while only 
4.31% missed opportunities were recorded in the cripple carrier 
herd. 

Longevity on both counts, dams culled due to all causes and 
dams culled due to reproductive reasons was significantly sup- 
erior in the cripple herd. Furthermore, none of the dams in the 
cripple herd were culled due to any reproductive failure. It 
is also interesting to note that of the three dams culled in the 
cripple herd two were born in 196] and hence would be 12 years 
old. These two dams were not bred during the last year due to 
age, but given the opportunity there was a very good chance they 
might have been fertile enough to produce yet another calf. To 
Vi lustrate; AzAhein continued productive dite. 852 of the arthro- 
ary posas carrier. dams are stij.j. productive in, the herd and. one 
dam born in 1961 has produced 10 calves over 11 breeding years 
SNdasls Sil isl legis PVHOGUCT LON. Ln, cCOonsrast . in ine, controj herd 
over 50% of the dams have been culled due to all reasons during 
the experimental period of which, 76.64% have been culled due to 
reproductive reasons. 

One reason for the high and stationary frequency or the 


persistence of the gene in populations, as reported by Lauvergne, 
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(1972-73), is because of the selective advantage that the arth- 
rogryposis carrier dams have with respect to characters assoc- 
jated with reproductive fitness. As seen from these data the 
carrier dams showed superiority in both fertility and longevity 
over their contemporaries, which provides evidence in favour of 


Lauvergne's hypothesis. 


Cone lusion 


In conclusion the results of the analyses demonstrate the 
supertority of the “arthrogryposis carrier dams “with respect to 
characters associated with reproduction, namely fertility and 
longevity, when compared to a control population of the same 
origin and genetic background. 

One primary reason why a deleterious gene might persist in 
a population is confirmed in these data by the fact that the 
heterozygous dams showed heterosis for reproductive traits and 


hence a selective advantage. 


4.3 Penetrance and expressivity 


Certain genotypes that carry a mutant gene in the dominant 
or recessive form fail to produce the expected phenotypic effect. 
This phenomenon is referred to as incomplete penetrance. Pene- 
trance of a gene is the frequency of the actual expression of 
a trait as compared with the frequency at which it is expected 
to be expressed, Lasley (1965). Penetrance is therefore the 
ability of a gene to express ttself in the individuals that pos- 
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Expressivity is the degree of severity or expression of the 
character in the given individual of the particular genotype. 
As a consequence expressivity can be variable and penetrance 
can be complete or incomplete. Penetrance thus refers to the 
presence or absence of gene expression regardless of the degree, 
while expressivity applies to the variability of the expression 


Ofnthehkeondtition: 


Penetrance and expressivity of the arthrogryposis gene 


The penetrance of the defective gene is reported to be in- 
complete, low and around 0.14 in males and 0.1 in females in 
French Charolais herds, Lauvergne, (1972-73). However, evi- 
dence from the Kinsella population indicates the penetrance of 
the gene to be near complete. The defect seems to be more free- 
ly expressed when the resulting progeny constitute a mixture of 
breeds along with the Charolais. In other words, the defect 
shows up better when the resulting progeny are Charolais crosses. 
In our experimental population none of the defective progeny 
were pure and all crippled calves had Charolais breeding ranging 
Prompe5, to (5%. 

Though this thesis does not report in detail the degrees 
ofeseverity of arthrogryposis:; «thes expressivity: too) is, very 
variable. In a penetrant individual the gene expresses itself 
bytcrappinngrone ory bothe pairs of’ limbs. byrthe presenceror 
absence of a cleft palate and by showing these traits as moder- 
ate to severe abnormalities. Furthermore, even among the homo- 


zygous recessive bulls which are originally classed as free of 
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the trait, it will be shown that there is a slight expression 

of the defect which begins to show up with age. This view could 
further be justified by observing the results from the genetic 
analysis where the expected number of defective calves have 

been observed, as if the defective gene were completely pene- 
trant. This high degree of penetrance of the arthrogryposis 

gene observed among Charolais crosses has not been reported else- 


where in literature. 


Evidence for the existence of homozygous recessive sires 


In the present data one of the Reference Sires was probably 
homozygous recessive. Sire A which was referred to earlier was 
plan mated on three occasions to his own daughters within one 
Veorecncuealletinec. times: a crapped calf resulted. If esire A 
was heterozygous half its daughters would be carriers but if it 
was homozygous all daughters would be carriers. If sire A was 
mated back to its daughters half its progeny would be crippled 
if it was homozygous recessive. Even though numbers are insuf- 
ficient there is room to suspect that sire A was a homozygous 
Canny ier. 

A more positive example of homozygosity in a sire was 
encountered in the herd of a cattleman in the district. In the 
sprindgso, 1970 im this herd 7 cases of arthrogryposis jassociated 
with an incompletely developed palate occurred. The history of 
tne herd was traced back to find out through which animal or 
animals the defective gene was introduced. In 1968 a purebred 


Charolais sire P was purchased. This bull was bred to a number 
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of non Charolais dams mainly Shorthorns, the resulting progeny 
Det “hal f ‘Charolais: 7eros sess Oli (POR Pde wT rancneCharo ais 
Sire Q was purchased and used on some yearling and two year old 
heifers, which included among them the 15 half Charolais cross 
daughters of "Sire =P S ory 21072 Va tota khcofies2ecal Ves Were eborn 
through sire Os 15 of Which Scame "from thebhalifichdroelais dau- 
ghters *of "sire Pr. “OF Cthesie 15 calvess Suwere anormal wiht] aa7 
Were Crippled? @°This approximates closely to a 50:50 ratio of 
normal to crippled calves. 

If the condition is recessive both parents must be carriers 
toedropsd "crippled calf. @*Hences “all ’the Wal fatharotlars daughters 
of sire P would be carriers only if one parent were homozygous 
recessive. It would appear Jikely that sire P was the double 
recessive parent as most of the dams used in the cross were 
Shorthorns.° “A 50-50-ratio of “normal: defectivet¢dl ves is texpect- 
ed in a test cross where the heterozygote is mated to the reces- 
Sive parent. When the daughters of sire P were crossed to sire 
Q, 7 of the 15 calves born were defective. The observed ratio 
indicates that sire Q was probably a homozygous recessive car- 
rier=of thevdetective’ conditions: “If stre Qsweresheterozygous 
only 25% would be crippled if there was complete penetrance of 
the gene in the homozygote offspring. An interesting observa- 
tionvisythat sires0 had’ very poort front legs and was barely able 
to stand up and walk around. Furthermore, all progeny from the 
cross between the daughters of sire P and sire Q had very weak 


fore limbs up to two weeks after birth. Aithird case» could be 
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eared ceteruingetoga case encountered by a cattleman in Saska- 
tchewan. Thirty heifers were purchased by him, the heifers 
being from three pure Charolais sires referenced X, Y and Z. 

The heifers were either 1/2 Charolais Hereford crosses or 3/4 
Charolais Hereford crosses. Of the 30 heifers purchased 18 were 
theoughesikreex tehOrthrvoughesdvesY andallthroughusire.Z. letThe 
pedigree information on one heifer was not available and there- 
fore not recorded. 

In 1969 the 29 heifers were exposed to breeding and they 
produced 11 defective calves with confirmed symptoms of arthro- 
gryposis and a cleft palate. Ten defective calves were from 
the daughters of sire X and 1 defective calf from the daughter 
of sire Z. No defective calves were obtained through the dau- 
ghters of sire Y. Though the breeding combinations of the 29 
neifers 1S not aVadlable* to identify another cerrier sire, the 
case indicates that sire X had passed down the recessive gene 
Lowa least NO of his daughters and possibly tovald, his deugnh— 
ters if it were a homozygous recessive carrier of arthrogryposis. 
It is evident that the defective gene was introduced into the 
heifers through the pure Charolais sire X as almost all his mates 
have been Hereford dams. From the examples cited it would in- 
deed be very probable that homozygous recessive sires exist, 
which appear normal in their phenotype. 

The four examples cited, sires A, P, Q and X which show 
almost zero penetrance of the gene have all been pure Charolais 
bulls and all progeny showing the defect and consequently, 


apparent full penetrance of the gene have been Charolais crosses. 
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4.3.3 Modifier gene action 


If the inheritance of arthrogryposis is controlled by an 
autosomal recessive gene the variable penetrance and express- 
ivity is probably influenced by modifier genes. Modifiers 
present in the pure Charolais breed seem to control the pene- 
trance of the homozygous genotype to a low frequency. In the 
presence of part of a gene complement from other breeds, pene- 
trance becomes almost complete. There is reason also to sus- 
pect that expressivity is also less extreme or more controlled 


with a Charolais genetic millieu. 


4.3.4 Conclusions 

(L)edlt canyvbeyconeluded fthatsarthnrogryposiseinethes population 
studied is conditioned by an autosomal recessive gene. 

(2) Penetrance in pure Charolais populations is quite low. 

(3) Expressivity of the homozygous condition is variable. 

(4) Among Charolais crosses the defect is expressed more freely 
and the penetrance is near complete as the recessive gene 
complements do not have the right genome (combination of 
modifier genes). 

(5) Two types of carriers distribute the gene in populations, 
the heterozygous or true carriers and the homozygous 


recessive carriers. 


teoeAn evolutionary explanation for the persistence of the arthro- 
gryposis gene in populations 


A deleterious recessive gene may persist in a population 


due to recurrent mutations, assortative or selective mating, 
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frequency dependent selection or due to a selective advantage 
among the heterozygotes with respect to a primary fitness 
character. This concept can also be viewed through an evolu- 
tionary approach. Selection under natural conditions will favour 
characters that tend to increase the mean fitness of a population 


in order to ensure the continuity of the species. 


4.4.1] Selective heterozygote advantage 


Two mechanisms that help keep the defective arthrogryposis 
gene in herds has been recognized in the Charolais breed. The 
first mechanism the breed has evolved is to have arthrogryposis 
carrier dams showing a selective advantage in characters assoc- 
iated with reproductive fitness. As indicated previously in 
this thesis the carrier dams do show better fertility and long- 
evity when compared to a control population of the same origin 
and genetic background. Hence, by evolving such a mechanism 
from within the population, the dams have a better chance of 
ensuring the continuity of the breed, line or family even though 
some calves have an inherent survival problem. 

Through artificial selection if man were to mate best to 
best for the betterment of economic characters the arthrogry- 
posis carriers would be selected as breeding stock and consequent- 
ly a form of selective or assortative mating would contribute to 


the persistence of the defective gene in populations. 


4.4.2 Suppression of the defect in recessive homozygotes 


This mechanism is extreme and is the complete or near com- 


plete suppression of the defect among homozygous recessive ani- 
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mals. Due to the selection and accumulation of favourable gene 
modifiers, a few bulls in which the defect has been suppressed 
have been identified. However, it is only the pure Charolais 
animals that have evolved this mechanism by which they over 

come an inherent genetic defect, as when the homozygotes are 
crossbred the gene penetrance is almost complete. It is there- 
fore not difficult to visualize the trend in evolution, and even 
at the present time some sires which are suspected of being 
homozygous recessive carriers tend to go lame with age, which 
indicates that the gene shows some effects in these animals. 

It would seem very probable that the crippled gene has been 
in the Charolais for a long time, as they have evolved mechan- 
isms that ride over the inherent defect, allows the gene to per- 
sist in the populations and ensures the continuity of the breed, 


line or family. 


Conclusions 

In evolutionary terms the Charolais breed has overcome the 
inherent genetic defect by two methods, and thereby the gene 
persists in the population. By the selective advantage that 
the carrier dams possess in reproductive fitness characters, 
continuity and increased frequency is assured. Arthrogryposis 
is not new to the Charolais breed and the animals have devel- 
oped mechanisms by which the homozygous expression of the gene 
is almost completely suppressed by the accumulation of favour- 


able modifier genes. Hence, the frequency of the carriers are 
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high while the frequency of the defective calves is low. This 
mechanism whereby a homozygous recessive does not express a 
genotypic abnormality in the phonotype is an extreme case of 
modification and will help to keep the defective gene in a 
population at high frequencies. The example therefore is a case 
of visual operative evolution resulting in improved adaptation 
of the breed. 

Crossbreeding which results in homozygosity for the defec- 
tive gene, results in increased penetrance because of the ab- 
sence of some of the useful modifiers normally present in the 


Charolais breed. 
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9. THE PRACTICAL SIGNIFICANCE OF ARTHROGRYPOSIS 


In its practical application there are two possible courses 
Of act10n that one could take. Firstly, the gene could be elim- 
inated from the herd or reduced to a low frequency and secondly, 


tie gene could be controlled to utilize its advantageous effects. 


5.1 Eliminate the gene or reduce the frequency 


Complete elimination of the defective gene from Charolais 
PIpUraLVONSs Wis Wot practical -as"1t would eto tron ly hinvel vewa “long 
period of time but also be uneconomical to do so. However the 
frequency of the defective gene could be effectively controlled 
by regulated selection and breeding. Since the inheritance of 
the abnormality is of an autosomal recessive type, both parents 
must contribute equally. The first line of defense would be to 
use proven clean bulls for breeding in Charolais populations. 
By observing their pedigrees and eliminating all suspects from 
a breeding program the frequency of the gene could be kept low 
TM *a population S=2Since the “defect is introduced ‘through ‘tre 
Charolais, using non Charolais sires for breeding will subse- 


quently reduce the frequency of the defective gene in herds. 


b-a control tie gene and wiilize its good effects 


It is my view that this would be the obvious choice as the 
former is almost impossible especially for Charolais breeders. 
Though the penetrance of the gene appears to be high in 


Charolais crossbred herds, this should not discourage cattlemen 
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from the idea of crossbreeding for the improvement of economic 
characters. An obvious method to control the defective gene in 
a herd is to use clean bulls on dams tn a breeding operation. 
With the increased emphasis given to Artificial Insemination 

in Canada it is posstble to provide semen from bulls free of the 
defect which could be used on dams. 

If Charolais bulls are used for breeding from within a 
farmer's herd on non Charolais females one must be careful when 
breeding from the F(1) as recombination occurs only in the F(2). 
Another practical method by which the gene could be controlled 
is by not using the same sire to breed during two successive 
generations. This will control the distribution .of .the-reces- 
sive gene if the sire himself was an unidentified carrier. 

The most assured means of controlling the defect is by 
identifying carriers and not allowing them to interbreed. As 
eythrogdnyposisevs spread in herds .by.two.types yof carriers, iden- 
Lrdcationeo, thes twoatypes wouldybe.difricuit.¢,in-onder te 
recognize heterozygous ‘true carriers' the classical approach 
of pedigree observation and progeny testing if possible could 
be advocated. However correct. .identificatton.of carriers as 
difficult by these methods and in many instances they could com- 
plete. their»breeding life and still ,go,undetected. This.coudd 
particularly be true of females as they have lesser opportun- 
ities of expressing a recessive condition which is masked. 

There appears to be no known way by which carriers could 
be identified but the homozygous recessive carriers may be rec- 


ognized as they tend to go lame with age. 
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The better fertility and longevity that the arthrogry- 
posis carriers have could be one economic character that a 
cattleman could utilize. It wil] be useful in a breeding herd 
as the females will be consistent and persistent in calving. 
However one problem which is basic would be to identify car- 
Kters. JINcema Carrier ican. be cconrect iy  tdentimedeid, iu pros 
duces a verective calf and since planned matings using clean 
bulls is being advocated positive identification will be very 
Cin cuset. 

If on the other hand a homozygous sire could be recognized 
early in life all his daughters will be carriers and by this 
means a carrier herd could be established. Animal breeders are 
aware that improvement in economic traits must come through 
breeding and selection in populations that show wide variabil- 
ity. Once carrier dams are obtained by using other bull breeds 
on these dams one could ensure that no defective progeny will 
be obtained. A dam that is fertile and productive over a long 
period of time could fit into any breeding population whether 
1t be a single breed cross,a@ three way ora rotational cross. 

Finally, inspite of its deleterious effects the gene has 
SOME UMING LO OMRCle a holed, practical Stand point Wi tne scare ies 
can be identified by a method involving less time. Though the 
economics have not been worked out, would it be better to have 
a dam which is productive over long periods and fertile that 
produces a defective calf out of every eight or ten, rather than 
to have a dam which ts productive for a few years and has many 


missedacalving Opportunities? 
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6: RESEARCH IN ARTHROGRYPOSIS FOR THE FUTURE 


It would be a very interesting study to see if there is 
any association between the expressivity of arthrogryposis and 
the degree of Charolais breeding among crossbreds. In my opin- 
ton as the degree of Charolais breeding decreases, the defect 
should be more fully expressed up to a maximum within a range, 
as the modifier genes controlling the expression of the defect 
Should be in proportion to the amount of Charolais breeding. 

In order to utilize the advantages associated with arthro- 
gryposis or to avoid its disadvantages, all carriers should be 
identified. Since progeny testing males, unless done on a com- 
mercial scale, is not practical, the discovery: of @ more basic 
biochemical or physiological method to identify carriers would 
be useful. 

In the late 1950's dwarfism in beef cattle was an import- 
ant character and much work was done to recognize carriers by 
nongenetic methods. Emmerson and Hazel (1956) used anatomical 
methods by comparing the thoraco-lumbar spine in dwarf, dwarf 
carriers and normal calves as a method of identification of 
carriers. Biochemical methods involving differential blood 
sugar levels among carriers and non-carriers was reported by 
Blood and Henderson (1968). 

However, in the case of arthrogryposis a basic enzyme 
system should be assessed to differentiate between carriers and 
noncarriers. If by these methods the carriers could be ident- 
ifted, the abnormality could be effectively controlled in pop- 


ulations. 
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